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(57) Desired signal power measured at a desired 
signal power measuring circuit 105 is averaged over a 
plurality of slots by an averaging circuit 106 to reduce a 
power error in desired signal power of each slot. An SIR 
measuring circuit 1 08 calculates SlR(n)of each slot from 
the average value of desired signal power in the plurality 



of slots and the measured value of interference signal 
power of each slot, and a TPC generating circuit 109 
makes a comparison between SIR(n) of each slot and 
a threshold value, and generates transmission power 
control information. This makes it possible to control 
transmission power for each slot with high accuracy in 
asymmetrical communication. 
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Description Disclosure of Invention 



Technical Field 

[0001] The present invention relates to a radio com- 
munication apparatus and a transmission power control 
method, which are used in a radio transmitting system 
such as a mobile phone, a cellular phone and the like. 

Background Art 

[0002] In a radio transmitting system such as a mobile 
phone, a cellular phone and the like, an SIR (Signal to 
Interference Ratio) is fixed and transmission power con- 
trol is carried out in accordance with the state of each 
transmission channel in order to maintain a BER (Bit Er- 
ror Rate) at a value below a predetermined value. 
[0003] The transmission power control method in- 
cludes a closed loop transmission power control and an 
open loop transmission power control. 
[0004] The closed loop transmission power control is 
a method for controlling transmission power based on 
the contents of a TPC (Transmit Power Control) com- 
mand where SIR corresponding to reception quality of 
a transmitting signal from one end is measured at the 
other end of communication and the TPC command, 
which reduces transmission power when a measured 
SIR value is higher than a target SIR value and which 
increases transmission power when the measured SIR 
value is lower than the target SIR value, is transmitted 
through an inverse channel. 

[0005] On the other hand, the open loop transmission 
power control is a method for controlling a transmission 
power value in such a way that a reception level is sub- 
tracted from the known transmission level of the other 
end of communication to calculate a level lost in a radio 
section and a target reception level of the other end of 
communication is added to the lost level. 
[0006] Here, data communication in which the infor- 
mation amount of a forward link is greatly larger than 
that of a reverse link is expected to be mainstream in 
the future, and the development of a radio communica- 
tion system of asymmetrical communication where the 
information amount of the reverse link is asymmetrical 
with respect to that of the forward link is proceeding. 
[0007] In the case of the radio communication system 
where the information amount of the reverse link is sym- 
metrical with respect to that of the forward link, since a 
time difference between transmission timing and recep- 
tion timing is small, transmission power can be control- 
led for each slot with high accuracy. 
[0008] However, in the radio communication system 
that performs asymmetrical communication where a 
time difference between transmission timing and recep- 
tion timing becomes large, a method for controlling 
transmission power for each slot with high accuracy has 
not been disclosed yet. 



[0009] It is an object of the present invention to pro- 
vide a radio communication apparatus and a transmis- 
5 sion power control method capable of controlling trans- 
mission power for each slot with high accuracy in asym- 
metrical communication. 

[001 0] The above object can be attained by averaging 
desired signal power over a plurality of slots to reduce 
to a power error in desired signal power in the respective 
slots and to improve precision of measurement. 

Brief Description of Drawings 

15 [0011] 

FIG. 1 is a block diagram illustrating the configura- 
tion of a radio communication apparatus according 
to a first embodiment of the present invention; 

20 FIG. 2 is a block diagram illustrating the configura- 
tion of a radio communication apparatus as a com- 
munication partner with respect to the radio com- 
munication apparatus of the first embodiment of the 
present invention; 

25 FIG. 3 is a block diagram illustrating the configura- 
tion of a radio communication apparatus according 
to a second embodiment of the present invention; 
and 

FIG. 4 is a block diagram illustrating the configura- 
30 tion of a radio communication apparatus as a com- 
munication partner with respect to the radio com- 
munication apparatus of the second embodiment of 
the present invention. 

35 Best Mode for Carrying Out the Invention 

[0012] Embodiments of the present invention will be 
specifically explained with reference to the drawings ac- 
companying herewith. 

40 

(First embodiment) 

[0013] The first embodiment explains the case of the 
closed loop transmission power control. FIG. 1 is a block 
45 diagram illustrating the configuration of a radio commu- 
nication apparatus according to the first embodiment of 
the present invention. 

[0014] A duplexer 102 switches a channel through 
which a signal passes at a transmitting time and a re- 
50 ceiving time and outputs a signal received from an an- 
tenna 101 to a reception RF circuit 103, and outputs a 
transmitting signal outputted from a transmission RF cir- 
cuit 112 to the antenna 101. 

[0015] The reception RF circuit 103 amplifies the re- 
55 ceived signal, frequency-converts the amplified signal 
to a baseband, and outputs the resultant to a demodu- 
lating circuit 104. The demodulating circuit 104 demod- 
ulates the baseband signal to extract received data of 
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the radio communication apparatus. 
[0016] A desired signal power measuring circuit 105 
measures reception power (hereinafter referred to as 
"desired signal power") of a known signal Included in the 
output signal of the demodulating circuit 104, and out- 5 
puts a measuring result to an averaging circuit 106. The 
averaging circuit 106 calculates an average value of de- 
sired signal power in a plurality of slots, and outputs the 
average value to an SIR measuring circuit 108. 
[0017] Here, in the case where a known signal se- 
quence is long and an interference signal can be sup- 
pressed and the slots are close to each other and vari- 
ations in reception power due to fading is small, desired 
signal power in the respective slots is substantially equal 
to each other. Accordingly, the calculation of the aver- 
age value of desired signal power in the respective slots 
makes it possible to improve accuracy of measurement 
in desired signal power. 

[001 8] An interference signal power measuring circuit 
1 07 measures power of an interference signal outputted 
from the demodulating circuit 104, and outputs a meas- 
uring result to the SIR measuring circuit 108. 
[0019] The SIR measuring circuit 108 calculates SIR 
(n)(n indicates slot number) of each slot from the aver- 
age value of desired signal power in the plurality of slots 
and the measured value of interference signal power of 
each slot, and outputs the resultant to a TPC generating 
circuit 109. 

[0020] The TPC generating circuit 1 09 makes a com- 
parison between SIR(n) of each slot and a threshold val- 
ue, and generates transmission power control informa- 
tion, which instructs the slot whose SIR(n) is lower than 
the threshold value to increase transmission power, and 
generates transmission power control information, 
which instructs the slot whose SIR(n) is higher than the 
threshold value to reduce transmission power. After 
that, the TPC generating circuit 109 outputs generated 
transmission power control information of each slot to a 
multiplexing circuit 110. 

[0021] The multiplexing circuit 110 multiplexes a plu- 
rality of pieces of transmission power control information 
into one slot transmitting data and outputs the resultant 
to a modulating circuit 111. The modulating circuit 111 
modulates an output signal of the multiplexing circuit 
110, and outputs the modulated signal to a transmission 
RF circuit 112. The transmission RF circuit 112 converts 
the frequency of an output signal of the modulating cir- 
cuit 1 1 1 , amplifies transmission power, and transmits the 
amplified transmission power as a radio signal from the 
antenna 102 through a duplexer 102. 
[0022] FIG. 2 is a block diagram illustrating the con- 
figuration of a radio communication apparatus as a com- 
munication partner with respect to the radio communi- 
cation apparatus of FIG. 1. 

[0023] A duplexer 202 switches a channel through 
which a signal passes at a transmitting time and a re- 
ceiving time and outputs a signal received from an an- 
tenna 201 to a reception RF circuit 203, and outputs a 



transmitting signal outputted from a transmission RF cir- 
cuit 208 to the antenna 201. 

[0024] The reception RF circuit 203 amplifies the re- 
ceived signal, frequency-converts the amplified signal 
to a baseband, and outputs the resultant to a demodu- 
lating circuit 204. The demodulating circuit 204 demod- 
ulates the baseband signal and outputs the demodulat- 
ed signal to an isolating circuit 205. The isolating circuit 
205 isolates an output signal of the demodulating circuit 
204 into received data and transmission power control 
information. 

[0025] A CL (Closed Loop) transmission power con- 
trol circuit 206 controls an increase or decrease in trans- 
mission power at the transmitting FR circuit 112 based 
on transmission power control information isolated at 
the isolating circuit 205. 

[0026] A modulating circuit 207 modulates transmit- 
ting data and outputs it to the transmitting RF circuit 208. 
The transmitting RF circuit 208 converts the frequency 
of the output signal of the modulating circuit 207 and 
amplifies transmission power based on control of the CL 
transmission power control circuit 206, and transmits it 
as a radio signal from the antenna 201 through the du- 
plexer 202. 

[0027] Thus, desired signal power is averaged over 
the plurality of slots and the closed loop transmission 
power control is performed using the average value, 
making it possible to reduce a power error in desired 
signal power in the respective slots and to improve pre- 
cision of measurement. This also makes it possible to 
control transmission power for each slot with high accu- 
racy in the closed loop transmission power control of 
asymmetrical communication. 



[0028] The second embodiment will explain the case 
of the open loop transmission power control having an 
outer loop that controls reference power for transmis- 
sion power control. FIG. 3 is a block diagram illustrating 
the configuration of a radio communication apparatus 
according to the second embodiment of the present in- 
vention. In the radio communication apparatus illustrat- 
ed in FIG. 3, the same reference numerals as those of 
FIG. 1 are added to the configuration portions having 
the same operations as those of the radio communica- 
tion apparatus illustrated in FIG. 1 , and the explanation 
is omitted. 

[0029] The radio transmission apparatus illustrated in 
FIG. 3 adopts the configuration in which an error correct- 
ing/decoding circuit 301, a CRC deciding circuit 302, 
and a transmission power deciding circuit 303 are added 
to the radio communication apparatus illustrated in FIG. 
1. 

[0030] Jhe error correcting/decoding circuit 301 pro- 
vides error correcting/decoding processing to an output 
signal of the demodulating circuit 104, and extracts re- 
ceived data. The CRC deciding circuit 302 performs a 
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CRC decision to the output signal of the demodulating 
circuit 104. The transmission power deciding circuit 303 
calculates a transmission reference power value SIRt of 
a communication partner using a CRC decision value 
outputted from the transmission power deciding circuit 
303 as a reference of reception quality. 
[0031] Here, generally, in the case of performing 
transmission using a plurality of transmission slots, in 
order to scatter the positions of the error bits to improve 
an error correction capability, interleave is performed in 
such a way that transmitting signals of all slots are ar- 
ranged at random. In this case, the radio communication 
apparatus transmits a signal indicative of transmission 
reference power value SIRt to the communication part- 
ner to make it possible to control transmission power of 
the communication partner such that the reception qual- 
ity subjected to error correction processing in all slots 
satisfies a predetermined quality. 
[0032] The radio communication apparatus, however, 
cannot excise control to the communication partner in 
response to interference amount of each slot using only 
transmission reference power value SIRt. This cannot 
reduce transmission power with respect to the slot 
whose interference amount is small, with the result that 
interference with other cells cannot be reduced. 
[0033] In order to solve the above problem, the trans- 
mission power deciding circuit 303 of the radio commu- 
nication apparatus adds SIR(n) of each slot to the cal- 
culated transmission reference power value SIRt to cal- 
culate a transmission reference power value SIRt(n) of 
each slot. 

[0034] The multiplexing circuit 110 multiplexes infor- 
mation indicative of transmission reference power value 
SIRt(n)to transmitting data, and outputs the resultant to 
the modulating circuit 111. 

[0035] FIG. 4 is a block diagram illustrating the con- 
figuration of a radio communication apparatus as a com- 
munication partner with respect to the radio communi- 
cation apparatus of FIG. 3. In the radio communication 
apparatus illustrated in FIG. 4, the same reference nu- 
merals as those of FIG. 2 are added to the configuration 
portions having the same operations as those of the ra- 
dio communication apparatus illustrated in FIG. 2, and 
the explanation is omitted. 

[0036] The radio transmission apparatus illustrated in 
FIG.4 adopts the configuration in which a desired signal 
power measuring circuit 401 for the CL transmission 
power control circuit 206 and an OL (Open Loop) trans- 
mission power control circuit 402 are added as com- 
pared with the radio communication apparatus illustrat- 
ed in FIG. 2. 

[0037] The isolating circuit 205 isolates the output sig- 
nal of the demodulating circuit 204 into received data 
and a transmission reference power control value SIRt 
(n). 

[0038] The desired signal power measuring circuit 
401 measures desired signal power S of the known sig- 
nal included in the output signal of the demodulating cir- 



cuit 204, and outputs the measuring iresult to the OL 
transmission power control circuit 402. The OL trans- 
mission power control circuit 402 calculates transmis- 
sion power T(n) of each slot by equation (1) shown be- 
5 low and controls an increase or decrease in transmis- 
sion power at the transmitting RF circuit 208. It is noted 
that Const in equation (1 ) is a fixed value for gain control. 

10 T(n) = SIRt(n)-S + Const (1) 

[0039] Thus, the open loop transmission power con- 
trol is performed with consideration given to SIR of each 
slot in addition to the transmission reference power val- 
15 ue, making it possible to control transmission power for 
each slot with high accuracy in asymmetrical communi- 
cation. 

[0040] As explained above, according to the radio 
communication apparatus and the transmission power 

20 control method of the present invention, since the power 
error in desired signal power of each slot is reduced to 
make it possible to improve accuracy in measurement, 
transmission power can be controlled for each slot with 
high accuracy in asymmetrical communication. 

25 [0041] This application is based on the Japanese Pat- 
ent Application No.HEl 11-286317 filed on October 7, 
1999, entire content of which is expressly incorporated 
by reference herein. 



[0042] The present invention is suitable for use in a 
base station apparatus of a radio transmission system 
or a communication terminal apparatus. 



Claims 

1. A radio communication apparatus that performs 
40 asymmetrical communication, said radio communi- 
cation apparatus comprising: 

desired signal power measuring means for 
measuring desired signal reception power of a 
45 plurality of slots for each slot; 

interference signal power measuring means for 
measuring interference signal reception power; 
power control information generating means for 
generating transmission power control informa- 
50 tion of each slot from said desired signal recep- 

tion power and said interference signal recep- 
tion power; and 

transmitting means for transmitting said trans- 
mission power control information of each slot 
55 through one slot. 

2. The radio communication apparatus according to 
claim 1 , further comprising averaging means for cal- 
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culating an average value of desired signal recep- 
tion power over the plurality of slots, wherein said 
power control information generating means gener- 
ates transmission power control information of each 
slot from the average value of said desired signal 5 
reception power and said interference signal recep- 
tion power. 

3. A radio communication apparatus that performs 
asymmetrical communication with the radio com- 10 
munication apparatus described in claim 1, said ra- 
dio communication apparatus comprising: 

isolating means for isolating transmission pow- 
er control information of each slot from a re- 15 
ceived signal; 

transmission power controlling means for con- 
trolling transmission power of each transmis- 
sion slot based on said transmission power 
control information of each slot; and 20 
amplifying means for amplifying transmitting 
data based on control of said transmission pow- 
er controlling means. 

4. A radio communication apparatus that performs 25 
asymmetrical communication, said radio communi- 
cation apparatus comprising: 

first reception quality measuring means for 
measuring reception quality of the entirety of a 30 
plurality of slots; 

second reception quality measuring means for 
measuring reception quality of each slot; 
reference power calculating means for calcu- 
lating transmission reference power of each 35 
slot based on said reception quality of the en- 
tirety of the plurality of slots and said reception 
quality of each slot; and 
transmitting means for transmitting information 
of said transmission reference power of each *o 
slot through one slot. 

5. The radio communication apparatus according to 
claim 4 wherein said reference power calculating 
means adds said reception quality of the entirety of 45 
the plurality of slots and said reception quality of 
each slot to calculate transmission reference power 

of each slot. 

6. The radio communication apparatus according to 50 
claim 4, wherein said first reception quality meas- 
uring means measures said reception quality of the 
entirety of the plurality of slots based on a CRC 
checking result. 

55 

7. The radio communication apparatus according to 
claim 4, further comprising desired signal power 
measuring means for measuring desired signal re- 



ception power of the plurality of slots for each slot; 
and interference signal power measuring means for 
measuring interference signal reception power, 
wherein said second reception quality measuring 
means measures reception quality of each slot 
based on desired signal reception power to interfer- 
ence signal reception power. 

8. The radio communication apparatus according to 
claim 7, further comprising averaging means for cal- 
culating an average value of desired signal recep- 
tion power over the plurality of slots, wherein said 
second reception quality measuring means meas- 
ures reception quality of each slot based on the av- 
erage value of said desired signal reception power 
and reception power of said interference signal. 

9. A radio communication apparatus that performs 
asymmetrical communication with the radio com- 
munication apparatus described in claim 4, said ra- 
dio communication apparatus comprising: 

isolating means for isolating information of 
transmission reference power of each slot from 
a received signal; 

transmission power controlling means for con- 
trolling transmission power of each transmis- 
sion slot based on said information of transmis- 
sion reference power of each slot; and 
amplifying means for amplifying transmitting 
data based on control of said transmission pow- 
er controlling means. 

10. A base station apparatus mounting a radio commu- 
nication apparatus thereon, said radio communica- 
tion apparatus that performs asymmetrical commu- 
nication comprising: 

desired signal power measuring means for 
measuring desired signal reception power of a 
plurality of slots for each slot; 
interference signal power measuring means for 
measuring interference signal reception power; 
power control information generating means for 
generating transmission power control informa- 
tion of each slot from said desired signal recep- 
tion power and said interference signal recep- 
tion power; and 

transmitting means for transmitting transmis- 
sion power control information of each slot 
through one slot. 

1 1 . A communication terminal apparatus mounting a ra- 
dio communication apparatus thereon, said radio 
communication apparatus that performs asymmet- 
rical communication comprising: 

desired signal power measuring means for 
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reference power of each slot through one slot, 
at other radio communication apparatus, said 
method comprising the steps of: 

isolating information of transmission refer- 
ence power of each slot from a received 
signal; and 

amplifying transmission power of each 
transmission slot based on said informa- 
tion of transmission reference power of 
each slot, 
through one slot. 

12. A transmission power controlling method, at one ra- 
dio communication apparatus that performs asym- 15 
metrical communication, said method comprising 

the steps of: 

measuring desired signal reception power of a 
plurality of slots for each slot; 20 
measuring interference signal reception power; 
generating transmission power control informa- 
tion of each slot from said desired signal recep- 
tion power and said interference signal recep- 
tion power; and 25 
transmitting transmission power control infor- 
mation of each slot through one slot, 
at other radio communication apparatus, said 
method comprising the steps of: 

30 

isolating transmission power control infor- 
mation of each slot from a received signal; 
and 

amplifying transmission power of each 
transmission slot based on said transmis- 35 
sion power control information of each slot 
data. 

1 3. The transmission power controlling method accord- 
ing to claim 1 2, wherein an average value of desired *o 
signal reception power is calculated over the plural- 
ity of slots, and transmission power control informa- 
tion of each slot is generated from the average val- 
ue of said desired signal reception power and said 
interference signal reception power. 45 

1 4. A transmission power controlling method , at one ra- 
dio communication apparatus that performs asym- 
metrical communication, said method comprising: 

50 

measuring reception quality of the entirety of a 
plurality of slots; 

measuring reception quality of each slot; 
calculating transmission reference power of 
each slot based on said reception quality of the 55 
entirety of the plurality of slots and said recep- 
tion quality of each slot; and 
transmitting information of said transmission 



measuring desired signal reception power of a 
plurality of slots for each slot; 
interference signal power measuring means for 
measuring interference signal reception power; 
power control information generating means for 5 
generating transmission power control informa- 
tion of each slot from said desired signal recep- 
tion power and said interference signal recep- 
tion power; and 

transmitting means for transmitting transmis- 10 
sion power control information of each slot 
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